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ABSTRACT

Background: Pharmacology is often perceived by medical students as cognitively demanding because of high
information density and complex mechanistic reasoning. Infographics have emerged as visual tools that may support
conceptual integration and reduce cognitive burden, yet qualitative evidence regarding how students experience
infographic-supported pharmacology teaching remains limited.

Methods: A qualitative descriptive study was conducted among Phase 2 MBBS students during routine pharmacology
teaching across five system blocks (autonomic nervous system, autacoids, cardiovascular, central nervous system, and
endocrine pharmacology). Infographics were systematically developed, validated through expert consensus, and piloted
before implementation. Following the intervention, 125 students provided narrative feedback through an anonymous
survey. Data were analyzed using deductive thematic analysis guided by cognitive load, multimedia learning, and dual
coding theories.

Results: Eight themes emerged and were organized into four overarching domains: cognitive learning impact, learner
engagement, instructional design usability and recommendations. Students reported improved conceptual clarity,
enhanced engagement, and efficient revision through infographic-supported learning. Visual structuring helped
integrate mechanisms of action with clinical application. However, negative case analysis revealed that overly dense
visuals could increase cognitive strain or encourage superficial learning. Students emphasized that infographics were
most effective when integrated with interactive instructor guidance rather than used as standalone resources.
Conclusions: Carefully designed infographics may enhance conceptual integration, engagement, and revision
efficiency in pharmacology education when aligned with principles of cognitive load management and active teaching.
Their effectiveness depends on appropriate visual density and integration within active teaching strategies.

Keywords: Education, Medical, Undergraduate, Pharmacology/education, Infographics, Qualitative research,
Cognitive load, Instructional design

INTRODUCTION students tend to adopt strategies that foster rote

Pharmacology is often perceived by medical students as a
demanding subject with high information density, abstract
mechanistic reasoning, and difficulty in integrating
foundational science with clinical decision-making. When
teaching relies predominantly on text-dense lectures,

memorization over understanding. Educational theory
suggests that content delivery methods should actively
support schema formation by reducing unnecessary
cognitive burden. Cognitive Load Theory (CLT) posits
that learning is enhanced when extraneous cognitive load
is minimized and working memory is redirected toward
relevant knowledge organization.!
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Complementing CLT, the Cognitive Theory of
Multimedia Learning also emphasizes that students learn
best from coordinated verbal and visual representations
and when materials are designed according to evidence
based principles such as signaling, segmentation, and
coherence.? Dual Coding Theory further explains that
paired visual-verbal teaching may strengthen encoding
and retrieval.’ Infographics (a visual representation of data
or information that presents complex information quickly
and clearly) are being increasingly used in health
professions education as pedagogical tools that reorganize
complex information into visually structured formats.*
Well-designed infographics can act as scaffolds that make
conceptual relationships clear and aid efficient revision.
Narrative reviews describe infographics as tools that may
enhance engagement, comprehension, and recall.’
Research has begun to explore infographic-based learning
in health education contexts.®® However, much of the
existing literature has focused on outcome measures or
implementation  reports, with limited qualitative
exploration of how undergraduate medical students
experience infographic-supported learning.>!'

Although infographics are increasingly used in health
professions education as visual knowledge translation
tools, most studies have focused on learning outcomes or
implementation reports. Qualitative exploration of how
medical students experience infographic-supported
learning within routine pharmacology teaching remains
limited. Understanding these experiences is essential to
determine how visual learning tools influence cognitive
processing, engagement, and revision strategies in content-
dense disciplines such as pharmacology. The present study
therefore examined Phase 2 MBBS students’ experiences
of infographic-supported pharmacology teaching across
five major system blocks (ANS, autacoids, CVS, CNS,
endocrine). Infographics were systematically developed,
refined through expert consensus, and piloted prior to
implementation. Using deductive thematic analysis, this
study aimed to generate an in-depth account of how
students reacted to infographic-based instruction in their
everyday traditional lectures.

METHODS
Study design

This study used a qualitative descriptive design to explore
Phase 2 (second-year) MBBS students’ experiences of
infographic-supported pharmacology teaching to generate
a practice-oriented account of learner perceptions,
usability, and perceived educational impact. Data were
analyzed using a deductive thematic analysis following
Braun and Clarke’s six-phase framework, guided by an a
priori analytic structure aligned with the study objectives.

Setting and educational context

The study was conducted in the Department of
Pharmacology at All India Institute of Medical Sciences

Patna among Phase 2 MBBS students participating in
routine undergraduate pharmacology teaching between
November 2025 and April 2026. The educational
intervention consisted of infographic-supported teaching
across five pharmacology system blocks: autonomic
nervous system (ANS), autacoids, cardiovascular system
(CVS), central nervous system (CNS), and endocrine
pharmacology. Infographics were developed using Al-
assisted tools and subsequently reviewed and verified by
subject experts.

Development, expert validation, and pilot testing of
infographics

Infographic development

Infographics were  developed systematically in
Notebooklm from standard curricular sources, verified by
experts and aligned with predefined learning objectives for
each of the chosen pharmacology systems. One
infographic has been been provided in Supplementary
(S1).

Expert validation using

Prior to implementation, the infographic sets underwent
content validation through an expert validation process
involving pharmacology educators and medical education
experts from institutions across the country. Experts were
purposively selected based on experience in undergraduate
pharmacology teaching and educational design.

Five pharmacology experts evaluated the infographics
using a structured review framework addressing content
accuracy, conceptual clarity, visual organization, cognitive
load, clinical relevance, and alignment with learning
outcomes, based on a Likert score and subjective template
provided to each. Qualitative feedback was anonymized,
aggregated, and the infographics were iteratively revised
based on expert recommendations. New infographics were
designed based on expert comments by modifying the
source and prompt given to notebooklm. Consensus was
considered achieved when expert feedback demonstrated
convergence and absence of substantive disagreement
regarding adequacy and usability. The final infographic set
reflected consensus-driven refinements. Across the five
modules, a total of 25 validated infographics were
integrated within the lecture presentations.

Departmental experts also reviewed the final presentations
with embedded infographics, to audit the placement,
number, and relevance to learning goals as well as
cognitive load.

Pilot testing with students

Following expert validation, the one presentation with
embedded infographic for every module was piloted with
a small group of pharmacology residents. Pilot participants
reviewed selected infographic sets and provided open-
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ended feedback on readability, clarity, and pacing. Minor
refinements were incorporated to optimize visual density
and instructional flow prior to full implementation.

Participants and sampling strategy

All students in the Phase 2 MBBS cohort who attended the
infographic-supported sessions were invited to participate.
A total of 125 students were exposed to the intervention,
and anonymous narrative feedback was collected from
those who consented to participate through the post-
session survey. Because responses were collected
anonymously to encourage candid reflection, individual
demographic variables such as gender, prior academic
performance, and prior exposure to infographic-based
learning were not linked to the qualitative dataset. This
limited subgroup comparison but supported confidentiality
and reduced response inhibition.

Educational intervention

Students were sensitized to the purpose of the research,
their role in it, and informed consent taken. Regular power
point presentations were used where validated
infographics were incorporated into teaching of the five
pharmacology system blocks, taught by a panel of three
teachers, involved in the research. During classroom
sessions, infographics were projected and discussed
interactively, followed by distribution of infographic
materials for revision. A structured teaching log
documented the number of infographics used, duration of
time for which infographics were used per system to
support procedural transparency. The lecture classes were
primarily but not entirely infographic based.

Data collection

Data were collected after completion of the infographic-
supported modules (one after each module) using an
anonymous Google Form consisting primarily of open-
ended questions designed to elicit reflective narrative
responses. Because the objective was to capture broad
learner experiences across an entire cohort rather than
generate deeply interpretive individual narratives, open-
ended survey responses were considered appropriate for
qualitative descriptive analysis. Prompts explored
students’ overall learning experience, perceived strengths
and limitations of infographic-based teaching, influence
on understanding and retention, comparative usefulness
across systems, and recommendations for improvement.

The anonymous survey included open-ended prompts
designed to gather students’ perceptions of infographic-
supported teaching in pharmacology. These questions
explored how the approach affected their understanding of
pharmacology topics, what aspects of the infographics
facilitated or hindered learning, and whether the use of
infographics influenced their attention, engagement, or
revision practices. Students were also asked to reflect on
whether certain pharmacology systems were more suited

to infographic-based teaching and to provide reasons for
their views. In addition, they were invited to suggest
improvements for the use of infographics in pharmacology
education. All collected responses were analyzed
collectively after the completion of all five modules.

Data management and confidentiality

The Google form was configured to preserve anonymity
by avoiding collection of identifying information.
Responses were exported to a password-protected dataset
accessible only to the research team. Any inadvertent
identifying details within narratives were removed during
data cleaning. An audit trail documenting questionnaire
versions, data preparation steps, and analytic decisions
was maintained. Because feedback was collected
anonymously without collection of identifying variables,
detailed participant demographics were not available.
However, all participants belonged to the same Phase 2
MBBS cohort exposed to the infographic-supported
pharmacology sessions.

Researcher reflexivity

Because several investigators were also involved in
designing and delivering the infographic-supported
sessions, reflexive measures were adopted to reduce
interpretive  bias. The research team explicitly
acknowledged the possibility that prior investment in the
intervention could influence coding and theme
interpretation. To address this, coding decisions were
discussed iteratively, alternative interpretations were
actively considered, and at least one reviewer not directly
involved in classroom delivery contributed to analytic
review. Attention was also paid to negative case analysis
and to preserving participant comments that expressed
reservations or preference for traditional learning formats.

Data analysis

Data were analyzed using deductive thematic analysis
following Braun and Clarke’s six-phase framework. An a
priori coding framework was developed before analysis
based on the study objectives and the theoretical constructs
underpinning the intervention, particularly cognitive load,
multimedia learning, and dual coding.

Although the analysis was deductively oriented, flexibility
was maintained to accommodate divergent and
unanticipated learner perspectives during theme
refinement. Initial codes focused on conceptual clarity,
engagement, cognitive load, learning utility, usability, and
perceived retention. Student responses were read
repeatedly for familiarization, coded using the predefined
framework, and then iteratively reviewed to refine
category boundaries and identify negative cases or
responses that did not align fully with the initial structure.
Themes were finalized through discussion among the
research team, with emphasis on interpretive consistency
and alignment with the research objectives.
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Coding proceeded in three stages: first, initial assignment
of responses to the predefined coding framework; second,
refinement of codes through comparison across responses
and identification of disconfirming or divergent views; and
third, consolidation of codes into final themes through
team discussion. Coding discrepancies were than resolved

through discussion and revision of code definitions rather

than calculation of inter-rater agreement statistics,
consistent with a reflexive qualitative approach. The a
priori coding framework used to guide the deductive
thematic analysis is presented in Table 1.
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Figure 1: Infographic presentation of a:-selective versus non-selective a-adrenergic blockers.

Ethical considerations

Institutional ethics approval was obtained prior to data
collection. Informed consent was embedded within the
Google Form. Participation was voluntary and
anonymous, and academic standing was unaffected by
participation. Data were stored securely and reported in
aggregated de-identified form.

RESULTS

Analysis of students’ narrative responses revealed a
pattern of experiences around eight pre-defined deductive
themes. Overall, students described infographic-supported
teaching as a visually scaffolded learning approach that
facilitated conceptual integration and revision efficiency,
but also identified areas related to information density and
pacing that required refinement.

Domain 1: cognitive learning impact
Theme 1: conceptual clarity

Students consistently described infographics as improving
their understanding of mechanisms and helping them
integrate pharmacological principles with clinical
application. Visual sequencing of mechanisms of drug
actions and comparisons between classes were suggested
to be particularly helpful. Many participants said that the

infographic format reduced fragmentation of information
and allowed them to “see the whole picture” of drug action
pathways. However, a small subset reported that
oversimplification occasionally hid finer conceptual
details.

Representative quotes

“The diagrams helped me connect mechanisms and uses in
a single glance. Earlier I memorized facts separately, but
now I understand how they link.” (Student 3). “Especially
in ANS and CVS, the flow charts made receptor actions
very clear. It felt like seeing the pathway instead of reading
scattered points.” (Student 11). “Sometimes the
simplification was very helpful, but in a few topics, I felt
details were compressed too much that hampered deeper
understanding.” (Student 22). “Clinical correlations
shown visually made it easier to remember why drugs are
used, not just what they do.” (Student 34). “For endocrine
pharmacology, the infographics clarified feedback
mechanisms that were confusing in textbooks.” (Student
47).

Theme 2: learning utility and retention
Students frequently associated infographics with improved

recall and revision efficiency. Many described using the
visuals as rapid review tools during exam preparation.
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However, some participants reiterated that infographics
complemented rather than replaced detailed textbook
study.

Representative quotes

“I used the infographics for quick revision before tests.”
(Student 4). “The visuals created memory cues that stayed
longer than plain text notes.” (Student 16). “They were
excellent for last-minute revision, especially drug
comparisons.” (Student 27). “Infographics are helpful
summaries, but I still needed textbooks for deeper study.”
(Student 39). “Seeing the same visual repeatedly
strengthened retention.” (Student 50).

Theme 3: system-specific differences

Students reported variation in perceived effectiveness
across pharmacology systems. Mechanism-heavy systems
such as ANS and CVS were widely considered most suited
to infographic representation, whereas content-dense areas
occasionally posed design challenges.

Representative quotes

“ANS benefitted the most because receptor actions are
easier to visualize.” (Student 7). “CVS drugs became
clearer when arranged visually by mechanism and class.”
(Student 19). “Autacoids were helpful but sometimes felt
compressed due to many mediators.” (Student 32). “CNS
topics were useful visually, but some pathways were too
dense to grasp quickly.” (Student 44). “Endocrine
feedback diagrams were particularly effective.” (Student
55).

Domain 2: learner engagement
Theme 1: engagement and motivation

Students reported increased attentiveness and interest
during infographic-supported sessions. Visual elements
were described as making traditionally dense
pharmacology content easier to understand. However, few
expressed that visual appeal could diminish over time if
not combined with active discussion. Eight themes
emerged from the deductive thematic analysis. For
interpretive clarity, these themes were organized into three
broader domains reflecting cognitive learning impact,
learner engagement, and instructional design usability.

Representative quotes

“I'was able to pay attention throughout because the visuals
kept changing and guiding the explanation.” (Student 6).
“Pharmacology usually feels heavy, but infographics
made it more interesting and less scary.” (Student 18). “It
was easier to stay engaged compared to text-based slides.”
(Student 29). “After a few classes, 1 felt discussion matters
as much as the visuals. Without explanation, images alone
are not enough.” (Student 41). “The colors and structure

made me curious to explore the topic further after class.”
(Student 52).

Domain 3: design and usability
Theme 1: cognitive load and information density

Students described mixed experiences regarding cognitive
load. Many perceived infographics as reducing mental
burden by organizing information spatially. Others noted
that packed visuals occasionally produced visual fatigue.

Representative quotes

“When information was distributed well, it felt easy to
absorb. I could process one section at a time.” (Student 9).
“Some images were crowded, and I needed extra time to
interpret everything shown.” (Student 21). “Breaking
large topics into smaller infographic segments helped
reduce confusion.” (Student 35). “At times I focused more
on reading the infographic than listening to the
explanation.” (Student 48). “Clear visual hierarchy made
complex drug lists feel manageable.” (Student 57).

Theme 2: usability and accessibility

Students discussed practical aspects of accessing and using
infographics across devices. Most found them readable
and convenient for mobile revision, though font size and
resolution occasionally affected usability.

Representative quotes

“I could easily revise on my phone, which made studying
flexible.” (Student 5). “Some text appeared small on
mobile screens and needed zooming.” (Student 14). “The
layout was clean and readable when shared as PDFs.”
(Student 26). “High contrast colors improved visibility
during projection.” (Student 37). “Consistent formatting
helped me recognize patterns across topics.” (Student 49).

Theme 3: critical perspectives

Although the dominant pattern of responses was positive
towards infographic-supported teaching, a subset of
students expressed reservations

Representative quotes

“Sometimes I spent more time trying to understand the
layout of the infographic than listening to the teaching.”
(Student 8). “When too many drugs were shown in one
diagram, it became visually taxing and harder to focus.”
(Student 17). “I felt that crowded images made me anxious
because I was trying to read everything quickly.” (Student
31).

Another set of responses suggested that infographic
summaries might encourage superficial learning if used in
isolation. These students emphasized the continued
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importance of detailed textual study and expressed caution
about overreliance on visual condensation. “Infographics
are helpful for overview, but if I depend only on them, 1
might miss important details needed for deeper
understanding.” (Student 12). “They are good revision
tools, but textbooks are still necessary to fully grasp
complex topics.” (Student 26). “I feel that simplified
visuals can sometimes hide finer details that are important
for exams.” (Student 43). A small subset of participants
expressed a preference for traditional text-based or note-
driven learning formats. These students described
familiarity and perceived precision as advantages of
conventional materials and suggested that infographic
learning may not align equally with all cognitive styles. “/
am more comfortable learning from written notes because
I can follow the sequence step by step.” (Student 5).
“Visual formats are interesting, but I personally retain
better from structured text.” (Student 21). “Infographics
are engaging, but they do not replace the clarity I get from
detailed reading.” (Student 37).

Domain 4: recommendations
Theme: recommendations for improvement

Students provided constructive suggestions focusing on
optimizing density, pacing, and integration with the active

learning strategies.
Representative quotes

“Dividing dense infographics into multiple slides would
improve clarity.” (Student 10). “Including short pauses for
discussion helped reinforce learning.” (Student 23).
“Interactive elements like quizzes after each infographic
could deepen understanding.” (Student 36). “Adding
legends or icons explanations would make visuals more
intuitive.” (Student 45). “Maintaining the same structure
across all systems should continue.” (Student 58). “All
infographics to be given separately, for rapid revision.”
(Student 97).

Integrative synthesis

Students concluded that infographic-supported teaching
was a cognitively supportive scaffold that enhanced
conceptual clarity, engagement, and revision efficiency.
While visual organization reduced perceived complexity,
optimal pacing and information density emerged as critical
determinants of effectiveness. Learners emphasized that
infographics functioned best as integrated pedagogical
tools combined with guided explanation and active
discussion.

Table 1: Deductive coding framework used for thematic analysis.

Preliminary
code/theme

Operational definition

Illustrative analytic

Theoretical basis
focus

Perceived improvement in

understanding of

Mechanism—use linkage,

Conceptual clarity

Engagement and
motivation

Cognitive load and
information density

Learning utility and
retention

System-specific
suitability

Usability and
accessibility

Critical perspectives

pharmacological mechanisms,
relationships, or clinical
applications

Perceived increase in attention,
interest, or active involvement
during learning

Perceptions of mental effort,
overload, visual fatigue, or ease
of processing

Perceived usefulness of
infographics for recall, revision,
and memory support

Variation in usefulness across
pharmacology topics or systems

Practical ease of using
infographics across devices and
contexts

Negative or cautionary
perceptions regarding
infographic-supported teaching

pathway understanding, Cognitive Load

reduction in fragmented Theory

learning

Attention during class, Cognitive Theory

interest in topic, reduced of Multimedia

monotony Learning

Dense visuals, pacing, Cognitive Load

readability, mental burden = Theory

Rapid revision, memory Dual Coding

cues, exam preparation Theory

ANS, CVS, CNS, In.structlonal.
alignment with

endocrine, autacoids

Font size, mobile viewing,
layout consistency

Superficial learning,
distraction, preference for
text

content structure
User-centered
instructional
design

Negative case
analysis

Continued.

International Journal of Basic & Clinical Pharmacology | July-August 2026 | Vol 15 | Issue4 Page 679



Singh S et al. Int J Basic Clin Pharmacol. 2026 Jul;15(4):674-683

Suggestions to optimize
infographic design or teaching
integration

Codes were derived a priori from the study objectives and theoretical constructs related to cognitive load, multimedia learning, and dual
coding, and were refined iteratively during analysis.

Recommendations for
improvement

. Applied
Segmentation, legends, ppiie
. . educational
pauses, 1nteractive use .
design

Three Pillars of Cognitive Theory

Cognitive Load, Multimedia Learning,
and Dual Coding: these theories
optimize how students process

Cognitive Integration Mechanism

Infographics reduce extraneous mental
burden while improving relational
understanding and conceptual integration

Visual-Verbal Dual Encoding 1

Parallel processing of text and imagery
enhances memory retrieval.

complex information.

|
v v

Three Domains of Impact

Focus Areas

Domain

Enhanced Clinical Reasoning

Structured visuals help students better integrate
pharmacology concepts with real-world clinical application.

Cognitive Impact Conceptual clarity and mechanism understanding

Learner Engagement Attention, motivation, and student interest

Instructional Usability Information density, visual hierarchy, and accessibility

| |
v

Educational Outcomes
The approach results in improved revision efficiency and long-term knowledge retention

Effect moderated by visual design quality and instructional integration

Figure 2: The cognitive framework of infographic supported learning.

Variations across pharmacology systems highlighted the
importance of adapting visual design to content structure.
Collectively, the findings suggest that validated
infographic-based instruction can serve as a powerful
adjunct to pharmacology education when aligned with
principles of cognitive load management and interactive
pedagogy. These interrelated findings were further
synthesized into a conceptual framework linking
theoretical constructs with learner-reported outcomes
(Figure 2).

DISCUSSION

This study provides qualitative evidence that infographic-
supported pharmacology teaching was experienced by
students as a visual learning tool that supported conceptual
integration, engagement, and revision efficiency.
Participants consistently described that infographics
helped them connect drug mechanisms, classifications, and
clinical applications. This pattern aligns with predictions
from Cognitive Load Theory, which suggests that learning
improves when instructional design reduces fragmentation
and allows working memory to focus on schema
construction.! By presenting relationships spatially, the
infographics appeared to facilitate conceptual organization
and relational understanding beyond rote memorization.

These findings suggest that infographic-supported teaching
can function as a visual scaffold in pharmacology
education, particularly for mechanism-driven topics such
as autonomic and cardiovascular pharmacology, when
combined with instructor guidance and discussion rather
than used as standalone summaries.

The findings are also consistent with the Cognitive Theory
of Multimedia Learning and Dual Coding Theory, which
propose that coordinated visual and verbal representations
enhance comprehension and recall.>? Students frequently
described visual elements functioning as anchors during
revision. However, some participants noted that overly
dense infographics increased cognitive strain and diverted
attention from instructor explanations. These observations
align with established multimedia design principles
indicating that visual complexity can increase extraneous
cognitive load when information density exceeds
processing capacity. Effective infographic design therefore
requires segmentation of complex information and
alignment with instructional pacing.

Educational research in pharmacology and biomedical
sciences similarly highlights the value of structured visual
representations for mechanism-based learning. Studies on
concept mapping and visual schema construction
demonstrate that graphical representation of causal
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relationships can improve learners’ ability to integrate
receptor signaling pathways, drug mechanisms, and
clinical outcomes.'>!” These findings mirror the
experiences reported by students in the present study, who
described infographics as tools that helped them visualize
mechanisms of action and link pharmacological principles
with therapeutic applications.

Our findings also extend existing literature on infographic-
based learning in health professions education. Previous
studies have suggested that infographics can enhance
learner engagement, comprehension, and knowledge
translation when designed with pedagogical intent rather
than aesthetic emphasis alone.® Empirical work in medical
and nursing education has likewise reported improved
learner motivation and perceived learning value associated
with infographic-supported teaching or infographic-
generating activities.®® The present study adds a qualitative
perspective by illustrating how learners actively
incorporate infographics into their study strategies,
particularly as revision tools and conceptual organizers.

The role of infographics in health communication and
knowledge translation has also received increasing
attention in recent years. Infographics can condense
complex scientific information into visually structured
formats that facilitate rapid comprehension and recall.'3-2°
Students in the present study similarly reported that
infographic summaries supported efficient revision and
improved recall of pharmacological concepts, suggesting
that visual summaries may function as cognitive shortcuts
during examination preparation.

Importantly, the findings also indicate that infographic-
supported instruction is not universally optimal. Some
students preferred traditional text-based learning materials
or experienced visual fatigue when diagrams were
crowded.”!! These perspectives reinforce the need to view
infographics as complementary pedagogical tools rather
than replacements for detailed textual study. Their
educational value appears greatest when integrated with
instructor explanation and active classroom discussion,
allowing educators to contextualize and clarify visual
representations.

The systematic development process used in this study—
including expert validation and pilot testing—Ilikely
contributed to the perceived coherence and usability of the
infographics. Student feedback highlighted several
practical design principles for infographic-based teaching:
maintaining clear visual hierarchy, limiting information
density, segmenting complex topics across multiple
visuals, and using consistent iconography to support
pattern recognition.'!"' These strategies are consistent with
established multimedia learning guidelines and may help
optimize visual instructional resources in pharmacology
education.

While the present findings demonstrate perceived
educational value, further research is needed to examine

long-term learning outcomes associated with infographic-
supported teaching. Future studies should explore effects
on knowledge retention, clinical reasoning, and transfer of
pharmacological knowledge to clinical decision-making.
Mixed-methods approaches combining learner experience
with objective performance measures may provide a more
comprehensive evaluation of infographic-based teaching
strategies.

To integrate these findings with established learning
theories, we propose a conceptual framework illustrating
the cognitive mechanisms underpinning infographic-
supported pharmacology learning (Figure 2). The
framework synthesizes principles from cognitive load
theory, multimedia learning, and dual coding theory to
explain how structured visual representations reduce
extraneous  cognitive  load, facilitate  relational
understanding, and enable parallel visual-verbal encoding.
These processes collectively enhance conceptual
integration and support clinical reasoning. The model also
incorporates learner-reported domains of impact, including
cognitive clarity, engagement, and instructional usability,
ultimately linking instructional design features with
improved revision efficiency and knowledge retention.
Importantly, the framework highlights that these effects are
moderated by visual design quality and integration within
active teaching strategies, consistent with the negative case
findings in this study.

Educational implications

The findings of this study have several practical
implications for pharmacology education. Infographic-
supported teaching appears particularly useful for
mechanism-intensive  topics, such as autonomic
pharmacology, cardiovascular pharmacology, and
endocrine feedback pathways, where understanding
relationships between receptors, signaling pathways, and
therapeutic effects is essential. Students frequently
reported using infographics as rapid revision tools,
suggesting that visually structured summaries may
facilitate consolidation of pharmacological knowledge
during examination preparation.

From a curriculum perspective, infographics may therefore
serve as visual scaffolds that complement traditional
lectures and textbooks, helping learners organize complex
information while maintaining conceptual coherence.
However, effective implementation requires careful
attention to visual design, including segmentation of
complex information, consistent visual structure, and
alignment with instructional pacing. These principles
reflect established multimedia learning guidelines
emphasizing the importance of minimizing extraneous
cognitive load while supporting schema development.?!??

Limitations

This study has several limitations. First, findings are based
on self-reported experiences from a single institutional
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cohort, which may limit generalizability. Second,
qualitative responses may be influenced by social
desirability bias despite anonymity measures. Also,
variability in individual exposure and engagement with
infographics outside classroom settings could not be
controlled. Additionally, the use of open-ended survey
responses rather than interviews or focus groups may have
limited the depth of qualitative insight. As this study used
open-ended survey responses from a complete student
cohort rather than iterative interviews or focus groups,
thematic sufficiency was judged pragmatically based on
the breadth and recurrence of patterns across responses
rather than formal saturation in the traditional qualitative
sense. The study relied primarily on self-reported learner
perceptions and did not triangulate findings with objective
outcome measures such as assessment scores, classroom
engagement metrics, or retention testing. Certain COREQ
domains applicable to interview-based qualitative studies,
such as member checking and repeat interviews, were not
applicable because data were collected anonymously
through open-ended survey responses. Future mixed-
methods studies should integrate subjective and
performance-based data to strengthen inference. Because
responses were collected anonymously, participant-level
characteristics such as gender, prior academic
performance, and familiarity with infographic-based
learning could not be examined in relation to the themes.

Strengths

Despite these limitations, the study provides a large cohort
qualitative  exploration = of  infographic-supported
pharmacology teaching integrated within routine
undergraduate instruction. The systematic development,
expert validation and pilot testing of the infographics
enhance the credibility of the intervention and provide
practical insights for pharmacology educators.

CONCLUSION

Infographic-supported teaching was perceived by
undergraduate medical students as a valuable adjunct to
pharmacology education that facilitated conceptual
integration, enhanced learner engagement, and improved
revision efficiency. Students particularly valued the ability
of visual representations to connect mechanisms of action
with clinical applications and to organize complex
information into coherent structures. However, the findings
also highlighted the importance of careful instructional
design, as excessive visual density and overreliance on
simplified summaries could limit their effectiveness. These
observations suggest that infographics are most beneficial
when integrated with guided explanation and interactive
teaching rather than used as standalone resources. Overall,
systematically designed and validated infographics may
serve as effective visual scaffolds that complement
conventional teaching and support meaningful learning in
content-intensive disciplines such as pharmacology.
Further mixed-methods and multi-institutional studies

incorporating objective learning outcomes are warranted to
better understand their long-term educational impact.
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